The time-dependent relaxation of the remanant polarization in epitaxial lead zirconate titanate (PbZr 0.2 Ti 0.8 O 3 , PZT) ferroelectric thin films, containing a uniform 2-dimensional grid of 90° domains (c-axis in the plane of the film), is examined using piezoresponse microscopy. The 90° domain walls preferentially nucleate the 180° reverse domains during relaxation, with a significant directional anisotropy. Relaxation occurs through the nucleation and growth of reverse domains, which subsequently coalesce and consume the entire region as a function of time.
axis in the plane of the film). Such 90 o domains have been shown to have a strong impact on the hysteretic polarization behavior of ferroelectric films. 12 Piezoresponse image of the surface of the PZT film, Fig. 1(a) , shows the presence of long, needle-like, orthogonal structures, which have been identified to be 90° twin domains 10 (denoted as T in the image) which form to relax the strains associated with lattice mismatch and phase transformation from the cubic (paraelectric) to the tetragonal (ferroelectric) phase. 13, 14 The image contrast in-between the needle-like regions is uniformly bright, suggesting that the entire region is pre-poled in a specific direction. This was confirmed by measurements of the piezo-hysteresis loop from a local region, Fig.1 (b), which showed a marked asymmetry indicating a built-in internal field. This as-grown state was then switched into the opposite state by scanning the surface of the film with the AFM tip biased at -10V (scan speed 1Hz.), leading to a strong change in image contrast from bright to dark, as observed in the inner part of Fig. 1 configuration but we do expect it to rotate in-plane by 180º). However, we did observe that this switched state (in the c-axis regions of the film) began to relax back into the original state, the kinetics of which is the focus of this paper.
For the relaxation experiments, a 3µm x 3µm area of the sample was switched from its original state (bright contrast) to the reversed state (dark contrast) by scanning the film with the AFM tip biased at -10V. Piezoresponse images were recorded from the same region as a function of time, from a few minutes to several days. The polarization spontaneously reversed its direction, as illustrated in the sequence of piezoresponse
It is driven by an internal field present due to the asymmetry of the electrode structure. Nucleation of reverse domains was found to occur preferentially at the twin boundaries in the form of elliptical regions and was followed by the movement of the reversed regions through the crystal to cause polarization reversal. These observations were found to be very repeatable in several experiments conducted over various parts of the sample.
The observations presented in Fig. 2 suggested that we could use a square grid of orthogonal 90° domains to create a single "cell" with a lateral extent of about 200nm x 200nm, Fig.3 (a-d) . Reversal in this case also nucleates primarily at the 90° domain boundaries and progresses inwards (identified as "P"). An important difference in this case was that for almost 1 hour, there was no measurable evidence of reversal in this cell, an aspect that is discussed further in Fig. 4 . As the relaxation proceeded, we observed the formation of other secondary nuclei, identified as "S", which in this case appear circular in cross-section that ultimately coalesce with the secondary nuclei, as seen in (d).
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